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ABSTRACT 
Foraminifera are single cell protozoa that are ubiquitous in marine environments.  The hard 
casings, or tests, of foraminifera are routinely studied in the earth sciences, particularly for 
palaeoenvironmental information.  Foraminifera have been little studied by archaeologists, 
however, despite their potential to contribute to understandings of coastal site formation 
processes and localised palaeoenvironments. 
 
In this study techniques and methods of foraminiferal analysis are developed and applied to the 
problem of distinguishing between natural and cultural marine shell deposits, using the Mort 
Creek Site Complex, central Queensland, as a case study.  Results allow unambiguous 
demarcation of the natural and cultural deposits studied based on patterns of foraminiferal 
density.  Natural deposits were found to have more than 1000 foraminifera per 100g of sediment, 
while cultural deposits exhibited less than 50 foraminifera per 100g of sediment.  The range of 
taxa represented in the foraminiferal assemblage is consistent with a shallow water sub-tropical 
marine ecosystem, indicating general environmental stability throughout the period of deposit 
formation.  Findings are applied to re-evaluate previous models of site formation at the Mort 
Creek Site Complex. 
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CHAPTER ONE 
INTRODUCTION 
Introduction 
This thesis assesses the efficacy of foraminiferal analysis in distinguishing natural from cultural 
marine shell deposits, using the Mort Creek Site Complex, in central Queensland, as a case study. 
Foraminifera are single cell protozoa that are ubiquitous in all marine environments.  Although 
foraminiferal analysis is widely employed in the natural sciences (Murray 1991; Sen Gupta 
1999), particularly in palaeoenvironmental studies (Cann et al. 2000; Horton et al. 2003; Scourse 
et al. 2004), there have only been limited attempts to use this form of analysis in archaeological 
applications. 
 
For decades Australian archaeologists have grappled with the problem of determining the origins 
of coastal shell deposits.  While it is often not difficult to distinguish cultural shell deposits from 
natural shell assemblages, some deposits exhibit ambiguous characteristics that limit 
understandings of site formation processes (Gill et al. 1991; Lilley et al. 1999; McNiven 1996). 
The development of robust methods to differentiate site formation processes is critical to 
advancing research in coastal archaeology.  One solution lies in the determination of the density 
and taxa of foraminifera found in cultural and non-cultural layers of archaeological sites. 
 
Rationale 
Over the last two decades numerous studies have demonstrated the complexity of differentiating 
between natural and cultural coastal shell deposits (e.g. Attenbrow 1992; Carter 1997; Lilley et 
al. 1999; Schiffer 1983; Stone 1989, 1992, 1995; Sullivan and O’Connor 1993).  In response, a 
range of qualitative and quantitative criteria have been developed to differentiate between natural 
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and cultural shell deposits.  The main criteria include: shell diversity, size and habitat; 
consistency of radiocarbon dates; the presence or absence of burnt bone and/or shell; species and 
materials not used by Aborigines; and stratification. 
 
A number of archaeologists have highlighted limitations in these conventional criteria (e.g. 
Barker 2004; Bryan et al. 2004; Carter 1997; O’Connor and Sullivan 1994; Ross and 
Quandamooka 1996; Rowland 1994; Ulm 2004a).  For example, Ulm (2004a:131) has shown 
that articulated bivalves are not solely a feature of natural shell deposits (cf. Attenbrow 1992:16) 
and, in fact, might be expected as a component of unmodified cultural shell deposits.  Barker’s 
(2004) research in the Whitsunday Islands demonstrates that small gastropod species such as 
nerites make up a large proportion of the total shell weight of a site, and were definitely eaten, 
but were not the staple food source.  Safer and Gill’s (1982:19-20) worldwide review makes the 
point that no molluscs are inedible and that whether a mollusc is considered edible or inedible is 
ultimately a cultural matter. 
 
In separate contributions to this debate, three Australian researchers have used foraminiferal 
analysis in attempts to differentiate cultural and natural shell deposits (Gill et al. 1991; Lilley et 
al. 1999; McNiven 1996).  Each study was based on the assumption that as foraminifera abound 
in all seawaters (whether estuarine, low or high energy shorelines, or the open ocean), natural 
deposits created or redeposited by marine processes would be expected to have an abundance of 
foraminifera; however, if a deposit is formed by cultural processes, and has no natural marine 
depositional processes influencing its formation, very few, if any, foraminifera would be present 
(Lilley et al. 1999; McNiven 1996). 
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Gill et al. (1991) were the first to apply foraminiferal analysis in an Australian archaeological 
context in determining whether the Hopkins River site, Warrnambool, Victoria, was of natural or 
cultural origin.  The study tested Gill’s (1954) earlier controversial suggestion that the 
Warrnambool deposits represented Aboriginal occupation dating to the last interglacial period.  If 
proved to be cultural, the site would have become the oldest recorded Aboriginal site in Australia, 
and would have required a reassessment of prevailing continental settlement theories.  Three 
deposits were tested for the presence of foraminifera using techniques adopted from the earth 
sciences.  All sites exhibited high densities of foraminifera and were concluded to be natural 
deposits. 
 
McNiven (1996) conducted research at Hibbs Bay, southwest Tasmania, with the aim of locating 
archaeological sites containing Pleistocene cultural deposits.  McNiven excavated three coastal 
rockshelter sites and determined site formation processes through taphonomic and foraminiferal 
analyses.  Only a single foraminifera was retrieved from sediment extracted from inside a 
warrener shell.  This finding, combined with an observed consistent breakage patterns of 
warrener shells consistent with the cultural extraction of warrener meat, led McNiven (1996:238) 
to conclude that although each site presented some data indicative of cultural deposits, they were 
formed by cultural processes and disturbed by natural agencies (e.g. birds, storm surges). 
 
The most recent use of foraminiferal analysis in Australian archaeology was undertaken by Lilley 
et al. (1999).  Foraminiferal analysis of a single excavation unit from three sites at the Mort 
Creek Site Complex, central Queensland, was undertaken to determine site formation processes: 
(1) White Patch, an unequivocal chenier; (2) The Granites, an unequivocal midden; and (3) A7, 
an ambiguous deposit as assessed using conventional criteria.  On the basis of a limited 
foraminiferal analysis and the presence of a possible shell artefact, A7’s origin was determined to 
 4
be cultural (Lilley et al. 1999), although Carter et al. (1999) subsequently demonstrated the 
possibility of a much more complex depositional history using shellfish species diversity and 
intra-specific size analyses. 
 
Inherent limitations in these studies included limitations in comparative data, sample sizes, and 
methods.  Gill et al. (1991) and McNiven (1996) failed to provide any comparative data. 
Although Lilley et al. (1999) compared results with deposits of known origin, only one small 
sample from each site was examined.  McNiven (1996:221) wet-sieved the excavated sediments 
with seawater through 1mm mesh, both biasing against the recovery of foraminifera, as these 
organisms rarely exceed 1mm, and potentially contaminating the sample with non-associated 
foraminifera as they abide in all marine ecosystems (Albani 1979). 
 
These three studies are examples of continuing limitations in coastal site formation research that 
would be greatly aided by the development of a standardised foraminiferal analytical procedure. 
 
Aims 
The aim of this thesis is to test the efficacy of foraminiferal analysis in distinguishing between 
natural and cultural coastal shell deposits. Building on the results of previous limited studies, 
based on the simple presence or absence of foraminifera, this study systematically evaluates 
foraminiferal abundance and diversity in three deposits. The research determines whether 
foraminiferal density or simply presence or absence in coastal sediments is indicative of natural 
or cultural site formation. This study will also test foraminiferal analysis as a refined technique to 
address several issues in archaeological studies, such as site integrity, site disturbance processes 
and palaeoenvironmental reconstruction. 
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Research Design 
To develop and test a systematic method for foraminiferal analysis, the following five stages have 
been undertaken: 
 
1. Validation of the role of foraminiferal analysis in understanding site formation processes 
through a review of literature highlighting limitations in conventional criteria applied to 
determining the origins of shell deposits. 
2. Adoption of techniques from the earth sciences to develop a systematic method of 
foraminiferal analysis for archaeological sediments. 
3. Application of foraminiferal analysis to a case study of sediment samples from three shell 
assemblages from the Mort Creek Site Complex (MCSC), central Queensland. 
4. Quantification, identification and imaging of foraminifera retrieved from the Mort Creek 
Site Complex. 
5. Evaluation of results and the efficacy of laboratory protocols. 
 
Thesis Outline 
Chapter Two reviews the limitations of the conventional criteria used to distinguish between 
natural and cultural shell deposits and presents an overview of previous archaeological and 
geological applications of foraminiferal analysis to the study of site formation processes.  The 
chapter includes a detailed review of the Mort Creek Site Complex case study, a discussion and 
analysis of coastal site formation processes and post-depositional disturbance processes, and an 
assessment of the impacts of bioturbation, burrowing, erosion, cyclonic conditions and storm 
surges. Chapter Three presents the methods used in this research and provides details of the 
archaeological sample. This chapter details the methods adopted from the earth sciences, such as 
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laboratory preparation of sediment samples for analysis, and the analytical techniques selected. 
These methods provide the framework for Chapter Four, which presents results with some basic 
interpretation of the collated data. Results demonstrate unambiguous demarcation of the natural 
and cultural deposits studied based on patterns of foraminiferal density. Chapter Five concludes 
the thesis with a re-evaluation of previous models of site formation at the Mort Creek Site 
Complex. The validity of using foraminiferal analysis to distinguish between natural and cultural 
archaeological shell deposits is discussed and recommendations for future research outlined. 
 
 
  7
CHAPTER TWO 
LITERATURE REVIEW 
Introduction 
As cultural shell assemblages are the most common archaeological site in coastal regions of 
Australia, the development of reliable and reproducible methods to differentiate natural and 
cultural shell deposits is crucial to studies of coastal archaeology. Shell middens are 
accumulations of shell and other material that have been selected from the environment by 
humans (Carter 1997:20).  Cultural shell deposits must therefore exhibit certain attributes that 
naturally formed sites do not. 
 
Waselkov (1987:95) offers the most widely accepted definition of a shell midden as a ‘cultural 
deposit of which the principal constituent is shell’. Middens are conventionally identified by the 
application of the criteria originally proposed by Gill (1954) pertaining to the presence or 
absence of materials associated with human behaviour and are examined both qualitatively and 
quantitatively to produce data used to interpret palaeo-landscapes and past human behaviour 
(Stein 1992; Waselkov 1987).  However, many variables can contribute to the formation and 
post-depositional alteration of a midden.  To appreciate what information a midden can provide, 
the researcher must have a comprehensive understanding of the numerous variables that can 
influence or impact the formation of shell deposits. 
 
A range of natural processes form, or contribute to the formation of coastal shell deposits with 
cheniers and beach ridges being two of the major forms of natural shell deposits.  Otvos and 
Price (1979:251) and Otvos (2000) define cheniers as ‘a beach ridge, resting on silty or clayey 
deposits, which becomes isolated from the shore by a band of tidal mudflats’.  Cheniers are 
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principally observed in river mouths/deltas and in adjacent riverine and tidal mudflats (Carter 
1997).  Cheniers are azonal features primarily recorded in tropical regions (Bailey 1993; Beaton 
1985; Chappell and Grindrod 1984; Saito et al. 2000; Schou 1967) with few examples extending 
into sub-tropical localities (Lilley et al. 1999; Neal et al. 2002; Vilas et al. 1999) (Figure 2.1). 
Beach ridges and cheniers vary in morphology as they are a characteristic of spatially specific 
environments (Chappell and Grindrod 1984). 
 
Like middens, cheniers are subject to numerous processes that contribute to their formation and 
post-depositional modification, including climate, abundance of shell material, marine substrate, 
and local geomorphology.  Cheniers can form in a single event such as a storm surge that 
temporarily raises the sea-level depositing sediments above the mean high tide level (Bird 1992;  
 
 
Figure 2.1 Global locations of cheniers and presumed cheniers (Augustinus 1989:222). 
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Przywolnik 2002; Woodroffe and Grime 1999), through gradual coastal progradation, or by 
wave winnowing that deposits shell debris and sediment along the coast line (Augustinus 1989; 
Beaton 1985; Chappell and Grindrod 1984). A number of studies have used sequences of 
radiocarbon dates to show that chenier ridges are successively younger towards the coast 
(Augustinus 1989; Chappell and Grindrod 1984). 
 
Northern Australian cheniers are mid-to-late Holocene phenomena, with four stages of 
development proposed linked to fluctuating sea-levels: between 6000-4000 BP, during the post-
glacial sea-level rise that deposited sediments above contemporary mean high tide levels; 
between 3500-2600 BP; between 2100-1600 BP; and the last 1000 years (Chappell and Grindrod 
1984; O’Connor and Sullivan 1994; Short 1989).  Sullivan and O’Connor (1993:779) argue that 
chenier formation in north Australia is influenced by three factors: the existence of a mangrove 
fringe which focuses sedimentation of shells and mud; shell availability in source areas, as 
excessively muddy conditions inhibit shell productivity; and the mode of progradation and 
episodic ridge building processes. 
 
Over the last two decades, a number of studies have demonstrated the difficulty in differentiating 
between natural and cultural shell deposits (e.g. Attenbrow 1992; Carter 1997; Lilley et al 1999; 
Schiffer 1983; Stone 1989, 1992, 1995; Sullivan and O’Connor 1993). The inherent ambiguities 
in differentiating shell deposits have led to the development of conventional criteria (Table 2.1).  
Key criteria include the presence or absence of culturally manufactured materials, such as shell 
or stone artefacts, the presence of remains that have unequivocally been altered through 
procurement techniques (e.g. consistent breakage patterns on shellfish), radiocarbon dates, size 
analysis, species diversity and stratigraphy. 
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Recent studies of coastal site formation processes have highlighted limitations in the 
conventional criteria (e.g. Barker 2004; Bryan et al. 2004; Carter 1997; O’Connor and Sullivan 
1994; Ross and Quandamooka 1996; Rowland 1994; Ulm 2004a). Rowland (1994) challenged 
the criteria differentiating non-economic taxa on the basis of size or edibility.  Drawing of Safer 
and Gill’s (1982) global review, Rowland (1994) argued that there is no basis for using shell size 
or quantity within a site to determine whether a particular species was consumed by Aborigines, 
as ethnographic studies demonstrated that no molluscs are inedible and that whether a mollusc is 
considered edible is ultimately a cultural matter. Ethnohistoric accounts, for example, indicate 
that molluscs often considered by archaeologists to be too small for consumption, such as 
barnacles, some limpets, nerites and certain whelks, were consumed. Barker’s (2004) research in 
the Whitsunday Islands shows that small gastropods, such as nerites, comprise a large proportion 
of subsistence remains. Hale and Tindale (1933 cited in Rowland 1994) show that smaller 
molluscs were mixed with green ants for consumption, whilst Rowland (1994:120) was informed 
by Torres Strait Islanders that Mesodema striata, a small bivalve averaging <15mm in length, 
was collected as a result of its abundance, ease of preparation and owing to its medicinal 
properties for ‘cold’ relief. 
 
Pumice and coral are other materials that are generally perceived not to occur in cultural shell 
deposits (Table 2.1). The south equatorial currents and the southeast trade winds transport 
pumice towards the east coast of Australia where it is deposited on Australian beaches (Bryan et 
al. 2004). Whilst the majority of the pumice is reworked into the sea by wave action, some 
pieces are blown onto sites or even washed over them causing little damage to site integrity 
(Carter 1997:18). However, Rowland (1994:121) demonstrated that pumice from sites in the 
Keppel Islands exhibits evidence of abrasion, calling into question the association of pumice 
solely with natural or disturbed deposits. 
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Table 2.1 Presence/absence criteria used to distinguish natural and cultural 
shell deposits (after Attenbrow 1992:4; Gill et al. 1991:335) (X indicates 
presence). 
Attribute Cultural Natural 
Charcoal X  
Artefacts X  
Hearth stones X  
Animal bones X  
Exoskeletons of edible crustacea X  
Evidence for burnt shell and/or crustacea X  
Evidence for burnt bone X  
Edible shell predominant X  
Evidence for size selection present in edible 
shells 
X  
Evidence for species selection X  
No evidence for internal stratification X  
Evidence for shell fracture patterns X  
Edible species X  
Consistent radiocarbon dates X  
Well-stratified, sedimentary features of water 
laid deposits 
 X 
Waterworn pebbles/boulders  X 
Varied shell species  X 
Full range of shell sizes  X 
Non-edible species  X 
No evidence for species selection  X 
Forms of marine life (other than mollusca) not 
used by Aborigines (e.g. coral, foraminifera) 
 X 
Articulated bivalves  X 
Shells often worn owing to water transport  X 
Pumice and marine shell grit  X 
No evidence for shell fracture patterns  X 
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Rowland (1994:122) also suggested that the presence of coral is not always a valid criterion upon 
which to assign a natural origin to a deposit, since coral has been noted by several researchers to 
be used in cultural practices. For example, coral has been used as a tool to sharpen fish hooks 
(O’Connor and Sullivan 1994; Ross and Quandamooka 1996), is useful for its heat retention as 
hearthstones and can enter a site as the platform for some shellfish such as oyster and mussels 
(Rowland 1994:122). 
 
In a recent study, Ulm (2004a:131) challenged the use of articulated bivalves as an indicator of 
natural deposition, arguing that the presence of numerous articulated Anadara trapezia in the 
Seven Mile Creek Mound is an expected outcome of rapid shell mound building behaviours. 
 
The cautions raised by Rowland (1994) and others above show that many of the key 
conventional criteria are ambiguous in determining the origins of shell deposits and that 
numerous criteria should be applied.  Analyses are further complicated by the need to consider 
the numerous site formation and post-depositional processes acting on shell deposits, such as: 
 
• Varying behaviours contributing to site formation and alteration (Claassen 1998; 
Waselkov 1987). 
• Extreme environmental conditions such as cyclones or storms that are capable of 
destroying or altering archaeological sites through tidal surges, wind and water transport 
(Bird 1992; Hughes and Sullivan 1974; Przywolnik 2002; Woodroffe and Grime 1999), 
or dynamic geological environments, such as seismic fault lines (Waters and Kuehn 
1996). 
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• Bioturbation of sediments from the impact of burrowing animals such as ghost crabs 
(Specht 1985), invertebrates (Stein 1983) and small mammals (Bocek 1986). 
• Bioturbation of sediments from the intrusion of vegetation root systems into the sediment 
matrix (Stein 1983; Waselkov 1987). 
• Treadage and scuffage, caused by prolonged human occupation and revisitation of sites, 
or constant trampling by grazing animals (e.g. livestock) (Waselkov 1987). 
 
These various site formation and post-depositional processes can impact on the integrity of 
archaeological sites, underwriting the importance of refined techniques to assess site integrity.  
Ulm (2004b) identified three fundamental areas of archaeological studies that require the 
development of finer-grained methodologies: chronological control; sampling; and taphonomy.  
Some methods already developed to assess site integrity relate to conjoin analyses.  Richardson 
(1992, 1996) conducted a conjoin analysis of stone artefacts, whilst Ulm (2004a:101-120) 
conducted a conjoin analysis of the shellfish Anadara trapezia, the results of each analysis 
present data on shifting sediments giving evidence of horizontal and/or vertical movements of 
material within the sediment matrix, whilst exhibiting no observable disturbance of stratigraphy.  
Foraminiferal analysis will potentially contribute to the arsenal of techniques so far developed in 
response to these issues in Australian archaeology, with an emphasis on assessing the 
taphonomic history of deposits. 
 
Foraminifera: A Potential Solution 
Foraminifera are minute marine organisms that comprise two main groups, benthic and 
planktonic (Figure 2.2). Benthic foraminifera are more common and diverse than planktonic 
foraminifera, with an estimated 40-50 sub-species of planktonic foraminifera out of the estimated 
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10,000 extant sub-species of foraminifera (Sen Gupta 1999). Foraminifera exhibit an 
overwhelming diversity and abundance in modern marine environments and constitute the most 
diverse group of shelled micro-organisms in modern oceans (Sen Gupta 1999:3). Some species 
produce a calcium carbonate exoskeleton that forms a ‘shell’ or ‘test’. The test provides a key 
characteristic for identifying individual foraminifera as it can vary considerably in size and 
shape. The average size of a test ranges between 100µm and 2mm (Albani 1968, 1979; Sen 
Gupta 1999). The minute size of foraminifera allows the collection of representative faunal 
assemblages from small sediment samples. Species can also be characteristic of a specific 
geological time range, or of more benefit to this study, specific to certain environments or micro-
habitats. 
 
Figure 2.2 Various forms of shallow water, estuarine foraminifera from the central Queensland coast.  A: Anomalina 
nonionoides; B: Elphidium sp.; C: Triloculina sp. (Photographs: Daniel Rosendahl and Alison Crowther). 
 
 
Foraminifera, both eurytopic (environmentally diverse) and stenotopic (environment specific), 
have adapted to the various environmental zones of marginal marine habitats. Foraminifera 
exhibit species-specific morphologies and numerous taxa have narrow environmental tolerances 
allowing the reconstruction of micro-habitats such as brackish, estuarine, coastal, littoral and 
reef systems (Sen Gupta 1999:141). 
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For decades archaeologists have used shells from archaeological faunal assemblages to 
reconstruct palaeoenvironments. Claassen (1998:126) defines the simplest technique for 
recreating aquatic habitats as the investigation of species ecology. For instance, most species of 
marine shell have evolved to their environment, whether the main influence be water 
temperature, depth, current speed, salinity, sediment substrate or nature of the ecosystem (for 
example, a high energy tidal bay, or a low energy tidal mangrove mud flat). The different 
attributes allow archaeologists to determine whether or not environments have changed since 
first occupation of a site, or whether people are trading or collecting taxa associated with 
different environments.  Similarly, foraminifera are also reliable sources of palaeoenvironmental 
information (Albani 1968, 1979; Cann et al. 2000; Lowell et al. 2004; Sen Gupta 1999; Wang 
and Chappell 2001), but have not yet been substantially employed in archaeology. 
 
Foraminifera: An Archaeological Context 
Foraminifera have been relatively little used in Australian archaeology, with only three studies 
published involving their use in the study of coastal and estuarine sites (Gill et al. 1991; Lilley et 
al. 1999; McNiven 1996) and a nearby study on Pacific atolls (Weisler 1999). Each of the 
Australian studies has adopted the general consensus that, as foraminifera abound in all 
seawaters, natural deposits created or redeposited by ocean currents or storm surges (e.g. Bird 
1992; Hughes and Sullivan 1974; Przywolnik 2002) would be expected to exhibit an abundance 
of foraminifera. However, if a site was formed by cultural processes (Claassen 1998; Waselkov 
1987) and had no natural marine depositional processes influencing its formation, very few if 
any foraminifera would be present (Lilley et al. 1999; McNiven 1996). 
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Warrnambool 
Gill et al. (1991) undertook the first application of foraminiferal analysis in an Australian 
archaeological context. The research was to determine if the Hopkins River site, Warrnambool, 
Victoria, dated to the last interglacial periods, was of natural or cultural origin. The project 
entailed three excavations at sites A, B and C. Sites A and B exhibited no unusual faunal or 
sedimentological features and were unambiguously identified as natural deposits. The origins of 
site C, however, were ambiguous owing to the presence of a shell assemblage that represented 
shellfish from two marine ecosystems, suggestive of human predation patterns. Mytilus edulis 
(mussel), Irus crenatus and Balanus variegates (barnacles) represented rocky substrates with 
strong marine influence, while Tellina deltoidalis, Solatellina donacioides and Notospisula 
trigonella characterised muddy estuarine environments. 
 
If Site C was shown to be cultural it would become the oldest archaeological site in Australia and 
have significant ramifications on conventional colonisation theories. The over riding potential of 
this site created the necessity to accurately determine its origins.  Samples from all three sites 
were assessed using foraminiferal analysis.  Sediments <2mm were retained for sorting.  Each 
sample was soaked in freshwater for 24 hours to disaggregate the sediment; once dried samples 
were re-sieved into various sieve fractions from which 1g samples underwent microscopic 
analysis.  All deposits contained high numbers of foraminifera and were therefore concluded to 
be natural deposits. 
 
Southwest Tasmania 
McNiven (1996) identified four potential Pleistocene rockshelter sites (PH90/1, PH90/2, PH90/3 
and PH90/4) that exhibited characteristics of human occupation at Hibbs Bay, southwest 
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Tasmania.  The four sites exhibited numerous shell species, such as red abalone, turbo and 
limpet, common in Holocene middens along other parts of the west coast.  McNiven tested the 
Pleistocene midden hypothesis by sampling sites PH90/1-3. McNiven’s analysis aimed to 
establish the presence of any unequivocal cultural deposits and the taphonomic history (including 
foraminiferal analysis) of all sites to determine whether or not they were constructed from 
natural or cultural processes. 
 
McNiven’s methods present a number of problems which limit confidence in his results.  All 
sediments were wet sieved through 1mm mesh in seawater and sediments were also extracted 
from warrener shells. The foraminiferal analysis retrieved one individual, which may have been 
a result of sediment preparation techniques (i.e. from the seawater), rather than site formation 
processes. The low number of foraminifera in conjunction with the consistent breakage patterns 
of warrener shells, recognised to be a technique developed by Tasmanian Aborigines to extract 
the warrener meat, led McNiven to conclude the three sites to be cultural assemblages. 
 
Marshall Islands 
In an international example, Weisler (1999), whilst excavating an aroid pit on Kaven Islet, 
Maloelap Atoll, used foraminiferal analysis to identify the depositional context of the non-
cultural sediment layer in a habitation site. The buried A horizon appears in Marshall Island 
atolls adjacent to aroid pits, and is culturally sterile. In identifying foraminifera retrieved from 
sediment samples and those sampled from a beach on the adjacent lagoon environment, Weisler 
was able to confirm that the near-shore lagoon and buried A horizon formed in the same 
processes.  Weisler’s (1999) research identified a number of limitations in the identification of 
foraminifera. Weisler found that foraminifera are not resilient to weathering and as a result 
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identification was impeded by the degradation of morphological characteristics (see Figure 2.3). 
Although this limits the ability of foraminifera to inform palaeoenvironmental reconstruction, it 
does not prevent their use to determine site formation processes. 
 
 
Figure 2.3 Differential weathering of foraminifera species. A: shows foraminifera that have identifiable 
characteristics; B, C and D: show weathering of foraminifera tests, leaving few identifiable 
characteristics (Weisler 1999:646). 
 
Mort Creek Site Complex: Case Study 
The most recent Australian archaeological application of foraminiferal analysis was conducted 
by Lilley et al. (1999) at the Mort Creek Site Complex (Figure 2.4) which is located on the west 
coast of Rodds Peninsula on the central Queensland coast (see Carter et al. 1999).  The site lies 
at the mouth of Mort Creek, a minor estuary of Rodds Harbour, and is sheltered from full 
oceanic conditions by Rodds Peninsula (Ulm 2004a:145). The area supports several marine 
ecosystems including mangrove forests, intertidal mud, shell and rocky debris substrates and 
seagrass beds that support numerous species of vertebrate and invertebrate species.  In 1995, 
Lilley et al. (1999; see also Carter 1997; Carter et al. 1999) investigated three locales at the Mort 
Creek Site Complex:  ‘White Patch’, ‘The Granites’ and ‘A7’ (Figure 2.5). 
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This research was prompted by Stone’s (1989, 1992) argument regarding the role of megapode 
fowl in the formation of shell and earth mounds in northern Australia and problems which may 
be encountered by contract archaeologists in distinguishing whether they are shell middens. Shell 
deposits were reported by Burke (1993) during a cultural heritage management study of the 
Curtis Coast and were described as sites of ‘high significance’ to Aboriginal peoples. Closer 
inspection of these shell deposits suggested that although there was a patchy scatter of cultural 
shell assemblage along the ridges, the main deposits were clearly non-cultural formations. 
 
Lilley et al.’s (1999) research provided the first application of foraminiferal analysis that 
compared the research findings with control samples from a definitive cultural and natural shell 
assemblage. Three sites were excavated: White Patch, an unequivocal natural shell deposit 
(chenier); The Granites, unquestionably a midden; and test pit A7, an ambiguous deposit when 
tested using conventional criteria. The A7 site lies in an area where there is a low density of 
surface shell, with augering encountering a dense layer of shell roughly 20cm deep. Excavation 
confirmed the shell layer along with the presence of low density shell both above and below the 
dense layer, through to the water table; however, owing to concern about the pit collapsing, 
excavation ceased at a depth of 90cm. 
 
A7 raised some problems in determining the origins of the deposit. Although it contained an 
abundance of ‘seemingly size-selected’ Anadara trapezia (Carter 1997), as well as what may 
have been a shell artefact, the A7 assemblage was still not totally consistent with the 
conventional criteria used to identify middens (see Table 2.1).  For example, the stratigraphy of 
A7 included little or no charcoal and there was a much larger range of shell species with larger 
size variations compared to what was found in The Granites site, which was a cultural deposit. 
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Figure 2.4 Location of the Mort Creek Site Complex on the west coast of Rodds Peninsula (Ulm 
2004a:147). 
 
 
Figure 2.5 Location of excavations at White Patch, The Granites/Square C and A7, Mort Creek 
Site Complex (Ulm 2004a:148). 
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Lilley et al.’s foraminiferal analysis aimed to determine whether the White Patch chenier 
contained foraminifera within its strata and whether The Granites midden contained any 
foraminifera within its strata. If foraminiferal analysis was to succeed in distinguishing between 
cultural and non-cultural shell deposits the White Patch chenier and The Granites midden should 
yield completely different results. White Patch, having been formed by marine processes should 
contain a high density of foraminifera, whilst The Granites site should contain a relatively low 
density or absence of foraminifera.  Small (10g) sediment samples were analysed from single 
samples from each of the three deposits after sieving through 125µm mesh.  The results 
supported these assumptions with abundant foraminifera identified from White Patch and none 
from The Granites.  A sample of sediment from excavation unit (XU) 3 in A7 was subsequently 
analysed for the presence of foraminifera. The analysis showed an absence of foraminifera in the 
sample supporting the cultural origin of A7. 
 
Although Lilley et al. (1999) established a firm basis for foraminiferal analysis by testing 
deposits of known formation processes, the conclusions presented were based on a limited 
sample.  Only one excavation unit from each site was analysed, reducing confidence in the 
extension of these findings to the whole of the excavated deposits which may have undergone a 
range of formation processes. 
 
Based on the nature of the site and the findings of Carter (1997), Carter et al. (1999), Lilley et al. 
(1999) and Ulm (2004a), the Mort Creek Site Complex was selected to test and refine methods 
of foraminiferal analysis to suit archaeological sediments.  The following sections review 
previous studies at major components of the site.  For further data on excavation results of the 
MCSC see Ulm (2004), Carter et al. (1999), Lilley et al. (1999) and Carter (1997). 
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White Patch 
The White Patch excavation (Figure 3.2) exhibited four stratigraphic units.  The uppermost 
stratigraphic unit (SUI) averaged 10-15cm thick and consisted of dark brown organic top soil, 
with compacted shell fragments including species of large shellfish.  SUII exhibited little soil 
with an increase in shell grit, part of which was characterised by a distinctive change with shell 
and shell grit surrounded by a grey soil matrix, subsequently recorded as sub-unit SUIIA. SUIII 
was characterised by a densely packed shell layer containing many large individuals in a reddish 
coloured sandy matrix. No charcoal, bone or artefacts were observed.  Based on radiocarbon 
dates, stratigraphy, intra-specific size variation, species diversity and foraminiferal analysis, 
White Patch was determined to be a natural formation and recorded as a chenier (Carter 1997; 
Carter et al. 1999; Lilley et al. 1999; Ulm 2004a).  During excavation bulk sediment samples 
were collected from exposed sections of each SU.  No field pH levels were recorded. 
 
The Granites/Square C 
The Granites excavation revealed three stratigraphic units (SUs). SUI was 20-25cm thick and 
was a dark layer of sand containing large mud ark (Anadara trapezia) shells, fish bone, charcoal 
and occasional stone artefacts. SUII was of similar thickness to SUI, but consisted of lighter 
coloured sand with some shell. SUIII was 25-30cm thick and comprised densely packed shell 
resting on bedrock.  Using conventional criteria including radiocarbon dates, stratigraphy and 
foraminiferal analysis, The Granites was argued by Lilley et al. (1999) to be a cultural shell 
deposit overlying a natural shell bed.  Subsequent research carried out by Carter (1997) using 
intra-specific size and species diversity analyses of the shell assemblage concluded that XUs 1-
11 are cultural, whilst XUs 12-13 are consistent with a chenier.  Ulm (2004:149), however, 
argued that the contact point between natural and cultural deposits, XU11, was disturbed by 
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augering from the base of XU10 where it was presumed that the base of the cultural deposit had 
been reached. The Granites was determined to be a shell midden overlying a chenier deposit, 
resting on micro-granite bedrock.  Two bulk samples representing the upper and lower cultural 
deposits were extracted from the sections for analysis. No field pH levels were recorded. 
 
In 1998, Ulm (2004a:145-168) excavated a further 1m2 test pit (separately excavated 50cm x 
50cm Squares A-D) (see Figure 3.2) in the vicinity of The Granites and retained 3mm sieve 
residue from each XU.  Square C was analysed in detail to assess site integrity, including conjoin 
analysis of the bivalve, Anadara trapezia (Ulm 2004a:156-159).  The excavation revealed five 
major stratigraphic units (Ulm 2004a:152).  SUI averaged 5cm in thickness and included 
occasional whole and fragmented mud ark shells.  SUII had a maximum thickness of 40cm and 
consisted of a dense shell and bone layer surrounded by a sandy matrix, including shell, stone 
artefacts, marine mammal and marine reptile bone.  SUIII had a maximum thickness of 32cm 
and was characterised by lower densities of shell matter and small roots, extending across the 
entire square and ceasing at a maximum depth of 55cm.  The basal deposits of Square C were 
characterised by SUIV which exhibited a maximum thickness of 27cm and ceased at a depth of 
75cm.  SUIV was distinctly different from previous SUs with the matrix comprised of coarse, 
damp sediments and the occasional heavily worn shell fragment and stone artefacts.  Based on 
radiocarbon dates, Ulm (2004a:156-157) argued that SUIV was part of the same chenier 
encountered in The Granites excavation.  Cultural and artefactual remains were present 
throughout the deposit as well as evidence of the butchering of large marine mammals such as 
dugong (Dugong dugon), and turtle (Caretta caretta) (Ulm 2004a:152).  The excavation of 
Squares A-D ceased once the micro-granite bedrock extended across the base of the test pit.  
Field pH levels for Squares A-D averaged from alkaline to slightly alkaline (7.0-8.0).   
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A7 
The A7 excavation exhibited sparse surface shell and was excavated after augering revealed a 
dense shell layer approximately 10-15cm below the surface.  The excavation revealed three 
distinct stratigraphic units. SUI consisted entirely of soil and root matter.  SUII was a dense layer 
of shell that represented seemingly size selected mud ark (Anadara trapezia), and an abundance 
of oyster with the presence of smaller shells.  The matrix of SUII was observed to be more sandy 
and yellow in colour than SUI.  SUIII represented a decrease in larger shells and an observed 
increase in shell fragments and shell grit. The matrix of SUIII consisted of orange-red sand.  
Excavation ceased before reaching the base of the shell deposit owing to the intrusion of the 
water table, and concerns of pit collapse. Several analyses have been carried out on A7, 
including a series of radiocarbon dates, stratigraphy, intra-specific size variation and species 
diversity and a preliminary foraminiferal analysis (see Carter 1997; Lilley et al. 1999; Ulm 
2004a), however, all analyses have yielded ambiguous results concerning A7’s formation.  The 
radiocarbon dates indicate temporal mixing, suggesting that the deposit is disturbed (see Ulm 
2004a:157).  Carter et al.’s (1999:94) attempt to clarify site formation processes using intra-
specific size variation and species diversity also revealed no cohesive pattern, leading the 
research team to conclude that A7 constitutes both natural and cultural sediments (Carter et al. 
1999; Lilley et al. 1999). 
 
On the basis of the results of the intra-specific size and species diversity, Carter et al. (1999:94) 
proposed a model of site formation of A7.  The analyses revealed six stratigraphic layers: 
 
• XU3: in situ midden. 
• XUs 4-6: Mixed deposit containing mostly cultural sediments. 
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• XU7: Mixed deposit containing mostly natural sediments. 
• XUs 8-11: in situ chenier. 
• XU12: mixed deposit containing mostly natural sediments. 
• XUs 13-14: in situ chenier. 
 
Summary of Case Study 
Table 2.2 summarises previous findings for A7, White Patch and The Granites/Square C.  These 
studies show a range of different natural and cultural processes contributing to the formation of 
the Mort Creek Site Complex deposits.  Testable propositions for foraminiferal analysis for each 
of these major processes is shown in Table 2.2. 
 
The preliminary foraminiferal analysis undertaken by Lilley et al. (1999) was supported Carter et 
al.’s (1999) analysis of shellfish remains; however, the validity of these conclusions is limited by 
the small sample sizes employed, with only a single sediment sample from each site being 
analysed.  Owing to the heterogenous characteristics of A7’s matrix, a larger sample size is 
required to provide definitive data on site formation processes. 
 
Ulm (2004a) proposed a model of site formation for the Mort Creek Site Complex based on a 
synthesis of the following investigations: (1) stratigraphy (Carter et al. 1999; Ulm 2004a); (2) 
chronology (Carter et al. 1999; Ulm 2004a); (3) shell species diversity (Carter 1997; Carter et al. 
1999); (4) shell intra-specific size selection (Carter 1997; Carter et al. 1999); (5) bivalve 
conjoins (Ulm 2004a); and (6) preliminary foraminiferal analysis (Lilley et al. 1999).  Ulm 
(2004a) proposed two chenier building events at the site, the earliest occurring between 3,310-
3,065 cal BP, determined by the contact point of the cultural and natural layers in XU11 of The 
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Table 2.2 Testable propositions for foraminiferal analysis at the Mort Creek Site Complex (after Carter et al. 
1999; Ulm 2004a). 
XU Description Testable Proposition 
A7 
3 in situ midden: based on stratigraphy and radiocarbon 
dates (Ulm 2004a), foraminiferal analysis (Lilley et al. 
1999), intra-specific size analysis and species diversity 
(Carter 1997; Carter et al. 1999) 
Absence or low density of 
foraminifera present due to cultural 
formation processes and no known 
oceanic disturbances 
4-6 Mixed deposit containing mostly cultural sediments: 
determined by stratigraphy (Ulm 2004a) and intra-
specific size selection and species diversity analyses 
(Carter 1997; Carter et al. 1999) 
If deposit disturbed by wave activity a 
greater density of foraminifera would 
be present to that of a site disturbed 
by terrestrial formation processes 
7 Mixed deposit containing mostly natural sediments: 
determined by stratigraphic analysis (Ulm 2004a); 
analyses intra-specific size selection and species 
diversity (Carter 1997; Carter et al. 1999) 
If deposit disturbed by wave activity a 
greater density of foraminifera would 
be present to that of a site disturbed 
by terrestrial formation processes 
8-11 in situ chenier: determined by analyses of intra-specific 
size selection and species diversity (Carter 1997; Carter 
et al. 1999) 
High density of foraminifera present 
due to natural formation by wave 
activity 
12 Mixed deposit containing mostly natural sediments:  
determined by stratigraphic analysis (Ulm 2004a); 
analyses intra-specific size selection and species 
diversity (Carter 1997; Carter et al. 1999) 
If deposit disturbed by wave activity a 
greater density of foraminifera would 
be present to that of a site disturbed 
by terrestrial formation processes 
13-14 in situ chenier: based on radiocarbon dates (Ulm 2004a); 
Carter’s (1997; Carter et al. 1999) intra-specific size 
selection and species diversity analyses 
High density of foraminifera present 
due to natural formation by wave 
activity 
White Patch 
 in situ chenier: overlapping radiocarbon dates obtained 
from shells extracted from top, central and basal 
sediments (Ulm 2004a), analyses intra-specific size 
selection and species diversity (Carter 1997; Carter et al. 
1999) 
High density of foraminifera present 
due to natural formation by wave 
activity 
The Granites 
1-10 in situ midden: based on the radiocarbon dates (Ulm 
2004); foraminiferal analysis (Lilley et al. 1999); intra-
specific size selection and species diversity analyses 
conducted by Carter (1997; Carter et al. 1999)  
Absence or low density of 
foraminifera present due to cultural 
formation processes and no known 
oceanic disturbances 
11 Mixed deposit containing natural and cultural material: 
determined by intra-specific size selection and species 
diversity analyses conducted by Carter (1997; Carter et 
al. 1999) 
If deposit disturbed by wave activity a 
greater density of foraminifera would 
be present to that of a site disturbed 
by terrestrial formation processes 
12-13 in situ chenier: determined by radiocarbon dates; intra-
specific size selection and species diversity analyses 
conducted by Carter (1997; Carter et al. 1999) 
High density of foraminifera present 
due to natural formation by wave 
activity 
Square C 
1-19 in situ midden: determined by radiocarbon dates and 
stratigraphy (Ulm 2004a); bivalve conjoin analysis (Ulm 
2004a:159) 
Absence or low density of 
foraminifera present due to cultural 
formation processes and no known 
oceanic disturbances 
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Granites excavation and the basal dates of Squares A-D where midden material overlies a 
chenier deposit (Carter 1997; Carter et al. 1999; Lilley et al. 1999; Ulm 2004a).  A later chenier 
building event was proposed between 2,353-2,059 cal BP, determined by dates obtained from the 
White Patch chenier and an in situ chenier layer within the A7 profile, as identified by Carter et 
al. (1999). 
 
Ulm’s (2004a) proposal of two separate chenier building events supports arguments that people 
did not abandon the coast whilst coastal environments were undergoing dynamic change, 
consequently impacting marine ecosystems (e.g. Barker 2004).  This notion is supported by the 
occurrence of in situ natural layers within the profile of A7, and the overlapping dates of the 
White Patch chenier and The Granites basal cultural material, supporting the argument that 
people occupied the coast and were sustained by the marine ecosystem through its 
transformation. 
 
Summary 
This review has demonstrated the potential of foraminifera to differentiate between natural and 
cultural marine shell deposits and to provide a useful technique to investigate the taphonomy of 
deposits and to yield local palaeoenvironmental information.  Previous studies have not realised 
the full potential of foraminiferal analysis owing to small sample sizes and limitations of 
analytical methods employed. 
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CHAPTER THREE 
METHODS AND MATERIALS 
Introduction 
This chapter outlines the methods used in the application of foraminiferal analysis to the 
investigation of site formation processes at the Mort Creek Site Complex.  Methods for 
foraminiferal analysis adapted from the earth sciences and previous archaeological applications 
and the materials used in the research are outlined and discussed. 
 
Foraminiferal analysis techniques in previous archaeological studies have been adapted from the 
earth sciences; however, the methods used have not been refined for archaeological applications, 
raising concerns about appropriate sampling and analysis procedures.  Several aspects of 
foraminiferal analysis will be assessed in this research in an attempt to validate it as a tool for 
determining site formation and disturbance processes, including sample size, sieve sizes, 
identification, sorting, quantification, mounting and photography.  Each of these areas are 
described below. 
 
Analytical Procedures 
Sampling and Sieving 
Sediment samples for foraminiferal analysis were selected on the basis of three criteria: (1) to 
provide representative data for each deposit and the Mort Creek Site Complex as a whole; (2) to 
target areas of the deposit to test specific conclusions about formation processes (see Table 2.2); 
and (3) to construct a foraminiferal signature for natural and cultural sediments.  These criteria 
were considered appropriate to provide maximum information on the site and on site formation 
processes of the Mort Creek Site Complex, as well as to provide a comparative data set to test 
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other sediments of unknown origin, in order to determine their natural or cultural formation 
processes. 
 
Fourteen sediment samples were selected for analysis from the four excavation squares (Table 
3.1).  The Granites and White Patch had limited samples retained from excavations (Appendix 
A).  All available sediment samples from The Granites were analysed, representing the upper and 
middle cultural layers and three from White Patch that represent each of the three identified 
stratigraphic units.  The sediment samples from The Granites and White Patch were not sieved in 
the field.  To maintain consistency, the bulk samples from The Granites and White Patch were 
sieved with a mechanical shaker through a 3mm Endecotts sieve for 60 seconds to remove 
material >3mm (Baxter 2005). A7 and Square C had sediment samples retained for each 
excavation unit (XU).  Three samples were selected from Square C representing the upper (XU4), 
middle (XU6) and lower units (XU19).  In light of results from the foraminiferal analysis 
revealing that 92% of foraminifera were retained in the 250µm sieve fraction (see Chapter 4), six 
samples were selected from A7, three analysed in their entirety (XUs3, 10, 14) and three 
analysing only the 250µm sieve residue (XUs5, 7, 12), to test the proposed site formation model 
presented by Carter et al. (1999:94). 
Table 3.1 Mort Creek Site Complex sediment samples selected for foraminiferal 
analysis. 
The Granites Units 
The Granites Square C 
White Patch A7 
XU3 
Upper 
Upper Unit 
(middle) 
XU4 Unit I 
XU5 
XU7 
Middle 
 
Lower Unit 
(base) 
XU6 Unit IIa 
XU10 
XU12 
Lower 
 
NA 
XU19 Unit III 
XU14 
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On the basis of Carter et al.’s (1999) argument that A7 is characterised by both natural and 
cultural deposits, XU3 (a proposed in situ shell midden), XU5 (a mixed deposit proposed to 
contain mostly cultural sediments), XU7 (a proposed mixed cultural layer), XU10 (a proposed in 
situ chenier deposit), XU12 (a proposed mixed layer with mostly natural sediments) and XU14 (a 
proposed in situ natural layer and also the base of the excavated deposit) were selected for 
analysis (see Table 2.2).  From Square C, XU4 was selected as it is the top of the cultural layer; 
XU6 is located in the middle of the dense shell layer; and XU19 is the base of the deposit.  A pH 
reading of alkaline to slightly alkaline was obtained for each sediment sample prior to sieving. 
 
To obtain a representative sample of foraminifera, conventional studies in the earth sciences 
recommend a sample size of 10g of sediment (e.g. Haynes 1981:2; Militante-Matias 1990:167).  
These standards are routinely applied in the analysis of sediments that are known to contain 
abundant foraminifera.  In previous applications to archaeological deposits without a known 
foraminiferal content, archaeologists have adopted varying procedures with no empirical or 
consistent specifications. For instance, McNiven (1996) used various sample sizes between 0.1g-
1.28g, Gill et al. (1991) used 1g samples while Lilley et al. (1999) used 10g samples. 
 
The sediments subject to analysis in this research had an unknown foraminiferal content.  To 
obtain a sample size that can achieve a representative sample of micro-faunal species that may 
have a low density within the site, a sub-sample of 50g of each of the 14 sediment samples was 
selected.  This sample size increases the sample five-fold over those employed by Lilley et al. 
(1999) and fifty-fold over those employed by Gill et al. (1991).  The sediment samples were 
divided using the quartering method outlined by Pope and Ward (1998) and weighed using an 
A&D EK1200 electronic balance to obtain 50g samples.  Samples where then separated into 
fractions using a series of nested Endecotts sieves (Haynes 1981:2). Haynes (1981) recommended 
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that four sieve sizes be used, 500µm, 250µm, 150µm and 63µm, as the average size range of 
foraminifera is between 1mm and 100µm, with an average size of 330µm (Albani 1968, 1979; 
Haynes 1981; Sen Gupta 1999).  To develop a procedure for archaeological analysis six sieve 
sizes were used (1mm, 800µm, 650µm, 500µm, 250µm, 125µm) over a base plate to retain 
sediments. Sediments were sieved for a period of 60 seconds in a mechanical shaker, following 
Baxter (2005).  The 1mm sieve fraction was not sorted but was retained as it contained large 
sediments that cursory inspection showed were devoid of foraminifera.  The 125µm and base 
plate fractions were not sorted owing to size limitations (foraminifera were too small to work 
with effectively).  The removal of the 1mm, 125µm and base plate fractions reduced the original 
50g samples by an average of 40% (see Table 4.1).  Removal of the 1mm, 125µm and base plate 
was validated by the results of the analysis, which revealed greater than 90% of foraminifera 
were retained in the 250µm sieve fraction.  Each sieve fraction was weighed, labelled and stored 
in a sterile plastic screw top 5ml vial for ease of access. 
 
Identification of Foraminifera 
The composition of foraminifera tests (shells) can be organic (non-mineralised), agglutinated (a 
conglomerate of various particles selected by the foraminifera), porcelaneous or hyaline 
(comprised of calcium carbonate that is either secreted by the foraminifera or extracted from the 
surrounding water, in rare cases these foraminifera are comprised of silica) (Sen Gupta 1999:37).  
An understanding foraminifera test morphology aided in the distinction between microscopic 
gastropods and foraminifera.  In some studies (Ayan n.d.; Friedman 1959), chemical staining has 
been applied to aid in the identification of foraminifera based on mineral composition (Friedman 
1959), differentiating calcite from aragonite.  However, not all foraminifera tests are formed of 
aragonite and these techniques are also limited by the matrix of the sediments, which have large 
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quantities of fragmented Anadara trapezia which is aragonite in its initial form. Ayan (n.d.) also 
notes limitations in methods showing inconsistent results in staining techniques. The method 
used in the identification of benthic species of foraminifera is the test morphology, as it varies 
between species and different environmental conditions (such as water salinity, temperature, 
depth).  The morphological attributes of the test that are most applicable in identification are the 
apertures (Appendix B.1), chamber arrangement (Appendix B.2) and chemical composition. Test 
morphology is characterised primarily by the number of chambers: unilocular species (one 
chamber) and multilocular species (two or more chambers) that arrange in numerous shapes and 
sizes from simple ovate and disc forms to more abstract types such as spirals, spined forms and 
whorls (Appendix B.2).  For further diagrammatical examples of foraminifera see McCulloch 
(1977). 
 
The main taxa expected to be recovered from the analysis were Elphidium sp. and Ammonia 
beccarii.  Both species are shallow water forms and are abundant in a wide range of marginal 
marine ecosystems (Murray 1971, 1991).  Marginal marine environments such as Rodds Bay 
exhibit low foraminifera species diversity (Lilley et al. 1999; Militante-Matias 1990).  The 
dominant species in this area include Elphidium sp., Ammonia beccarii and Trilocular sp 
(Palmieri 1976a, 1976b)(Figure 3.1).  These species are well documented (Albani 1968, 1979; 
Murray; 1971, 1991; Sen Gupta 1999) and relatively easy to identify as they exhibit a durable 
morphology in contrast to large, reefal species whose fragile spines that are easily weathered are 
a key characteristic for identification (see, for example, Weisler’s 1999 foraminiferal study in the 
Marshall Islands).  Species identification was aided by reference texts and foraminifera images 
(Albani 1968, 1979; Cushman 1948; McCulloch 1977; Murray 1971). 
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Sorting/Quantification 
For analysis, each sieve fraction was transferred to a glass petrie dish and systematically 
examined in optical transects using a JNOEC stereo XTX-5 series “C” type incident light 
binocular microscope.  A glass petrie dish was used to eliminate static electricity.  Individual 
foraminifera were placed into a picking tray using a size 00-000 artist brush (Haynes 1981) and 
stored in a 5ml vial. Each taxon of foraminifera was quantified by establishing minimum number 
of individuals (MNI).  MNIs of each species was obtained by counting the umbilical phenotype 
(see Figure 3.1).  To facilitate comparative analysis of all deposits analysed, densities are 
reported as the number of foraminifera per 100g of sediment. 
 
 
 
Figure 3.1 Umbilical morphology of foraminifera retrieved from the Mort Creek Site Complex. A: 
Ammonia beccarii with umbo; B: Elphidium sp. with umbo; C-D: unidentified weathered umbo 
(Photographs: Daniel Rosendahl and Alison Crowther). 
 
Mounting and Photography 
Representative samples of foraminifera taxa were adhered to either white 50-specimen geo-slides 
using DEPEX mounting solution, or to SEM stubs.  Once mounted, the foraminifera were 
A 
C 
B 
D 
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individually photographed using an Olympus BX60 incident light microscope at 50x and 100x 
magnification, with cross-polarised light, mounted with an Olympus DP10 digital camera set at 
the highest resolution of 3.2 million pixels.  For further qualitative photography, individuals were 
coated with 10 nano meters (one billionth of a meter) of platinum for five minutes and imaged 
using a JEOL Analytical Scanning Electron Microscope SEM-JSM-6460LA. 
 
Summary 
This chapter outlined methods developed to test foraminiferal analysis in an archaeological 
context.  The methods were adopted and refined from techniques widely used in the earth 
sciences for foraminiferal sampling and identification.  The results presented in the next chapter 
are  used as a basis for determining site formation processes. 
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CHAPTER FOUR 
RESULTS 
Introduction 
This chapter reports on the foraminiferal analysis of the Mort Creek Site Complex. In total, 25,257 
foraminifera were identified representing 13 taxa.  Results are presented in three sections: density; size 
distribution; and taxa analysis.  Key findings are flagged for further discussion and interpretation in the 
next chapter. 
 
Density 
A key finding of the analysis was a significant difference in foraminiferal densities between the 
unequivocally natural and cultural deposits.  To calibrate for differences in sample size, the 
foraminiferal densities are expressed as the number of foraminifera per 100g of sediment.  Results are 
summarised in Table 4.1 and presented below for each deposit. 
 
White Patch 
A total of 23,949 individual foraminifera were identified in the three samples analysed from the White 
Patch deposits, with high foraminiferal densities consistent with a natural origin. Unit I exhibited a 
foraminiferal density of 1,193/100g, Unit IIa 21,536/100g, and Unit III 72,226/100g (Table 4.1).  The 
distribution of foraminifera shows a marked increase towards the base of the deposit (Figure 4.1). 
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Table 4.1 Foraminiferal densities per 100g for the four sites analysed (all samples). 
Site Sieve 
Fractions 
Sorted 
XU/Unit Weight of 
Sediment 
(g) 
No. of 
Taxa 
Description MNI Density 
(MNI/100g)
The Granites All Upper 30.26 1 Cultural 3 9.91
The Granites All Lower 39.36 2 Cultural 5 12.70
Square C All XU4 29.11 1 Cultural 1 3.44
Square C All XU6 33.44 1 Cultural 1 2.99
Square C All XU19 30.53 0 Cultural 0 0
White Patch All Unit I 20.04 2 Natural 239 1192.61
White Patch All Unit IIa 11.26 3 Natural 2425 21536.41
White Patch All Unit III 29.47 9 Natural 21285 72225.99
A7 All XU3 35.62 0 Cultural 2 5.61
A7 250ųm XU5 31.99 1 Cultural 2 6.25
A7 250ųm XU7 35.46 2 Cultural 3 8.46
A7 All XU10 33.04 2 Mixed 8 24.21
A7 250µm XU12 33.35 2 Natural 684 2050.97
A7 All XU14 38.91 2 Natural 599 1539.46
Total - - 431.84 - - 25257 - 
 
The Granites/Square C 
A total of 10 individual foraminifera were identified in the five samples analysed from The 
Granites/Square C (Table 4.1).  In contrast to White Patch, The Granites/Square C revealed a low 
density of foraminifera with an average density of 6/100g and a maximum density of 13/100g. 
 
A7 
A total of 1298 individual foraminifera were recovered from the six samples analysed from A7, 
representing two distinct foraminiferal density profiles (Figure 4.2). XUs 3, 5 and 7 yielded densities of 
<9/100g (Table 4.1) with the average of 7/100g.  In contrast, XUs 12 and 14 exhibited densities 
>1500/100g with an average density of 1776/100g.  XU10 presents an anomaly with a density of 
24/100g, which is marginally higher than the lower group, but markedly lower than the result of XU12 
and 14.  This finding is further explored in the following chapter. 
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Figure 4.1 Foraminiferal density, White Patch. 
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Figure 4.2 Foraminiferal density, A7. 
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Density Summary 
Foraminiferal density analysis of sediments from the Mort Creek Site Complex demonstrated a 
definitive demarcation in foraminiferal densities between unequivocal natural and cultural shell 
assemblages, establishing the basis for differentiating these deposits (Table 4.2).  Cultural sediments 
exhibited a density of <13/100g and natural sediments >1000/100g.  A distinctive characteristic of 
White Patch was the dramatic increase of foraminiferal densities with depth (Figure 4.1), possibly a 
result of the porous matrix of the shelly deposits, resulting in the percolation of the small foraminifera 
towards the base of the deposit.  Although A7 still shows some evidence of possible disturbance with a 
slight rise in density in XU10, the establishment of unequivocally natural and cultural foraminiferal 
signatures was able to clarify the site formation processes for the rest of the deposit.  These issues are 
taken up in the next chapter, including implications of future research into grain size analysis and 
experimental percolation of foraminiferal specimens in various sediment types. 
 
Table 4.2 Summary data for foraminiferal densities in natural and cultural deposits. 
Type of Deposit Site Weight of 
Sediment 
(g) 
No. of 
Taxa 
MNI Density 
(MNI/100g) 
Cultural The Granites/ Square C 162.69 3 10 6.15 
Cultural A7 103.07 3 7 6.79 
Natural White Patch 60.77 10 23949 39409.25 
Natural A7 72.26 2 1283 1775.53 
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Size Distribution and Recovery Rates 
A major finding of this study was the dominance of foraminifera in the 250µm sieve fraction (Figure 
4.3).  Results from each excavation are presented below. 
 
White Patch 
Of the 23,949 foraminifera retrieved from White Patch, 22,075 (92%) were recovered in the 250µm 
sieve fraction (Figure 4.4, Tables 4.3-4.4).  The 850µm sieve fraction exhibited a total of nine 
individuals which represents <1% of foraminifera retrieved at White Patch; the 600µm sieve fraction 
exhibited 121 individuals (<1%); the 500µm sieve fraction exhibited 415 individuals (2%); and the 
425µm sieve fraction exhibited 1329 individuals (5%). 
 
The Granites/Square C 
Although only low numbers of foraminifera were recovered from the cultural deposits at The Granites, 
the size distribution data generally conforms with that of White Patch, with 70% of foraminifera 
retained in 250µm sieve fraction (Table 4.4).  All the foraminifera in the upper unit of the initial 
Granites excavation were recovered from the 250µm fraction whilst the lower unit exhibited 80% in the 
250µm sieve fraction. 
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Figure 4.3 Foraminifera recovery rates by sieve fraction, Mort Creek Site Complex (all samples). 
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Figure 4.4 Foraminifera recovery rates by sieve fraction, White Patch. 
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Table 4.3 Foraminifera size distribution and recovery rates, White Patch. 
Sieve Fraction (µm) MNI % 
850 9 0.04 
600 121 0.51 
500 415 1.73 
425 1329 5.55 
250 22075 92.17 
Total 23949 100 
 
 
Table 4.4 Percentage of foraminifera in 250µm sieve fraction, Mort Creek Site Complex. 
Site Sediment Sample 250µm MNI Total MNI % of 
Foraminifera 
in 250µm 
Only sorted 
250µm 
The Granites Upper 3 3 100.00  
 Lower 4 5 80.00  
Square C XU4 0 1 0  
 XU6 0 1 0  
 XU19 0 0 0  
Subtotal  7 10 70.00  
White Patch Unit I 198 239 82.85  
 Unit IIa 2186 2425 90.14  
 Unit III 19691 21285 92.51  
Subtotal  22075 23949 92.17  
A7 XU3 2 2 100.00  
 XU5 2 2 100.00 X 
 XU7 3 3 100.00 X 
 XU10 5 8 62.50  
 XU12 684 684 100.00 X 
 XU14 262 599 43.74  
Subtotal  958 1298 73.98  
Total  23040 25257 91.22  
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A7 
To provide comparative data, all sieve fractions from XUs 3, 10 and 14 of A7 were analysed.  On 
the basis of findings from White Patch (see above), only the 250µm sieve fraction of sediments 
from XUs 5, 7 and 12 were analysed.  The three sediment samples that were analysed in their 
entirety present the following percentages of foraminifera retained in the 250µm sieve fraction:  
XU3, 100%; XU10, 62%; and XU14, 43% (Table 4.4).  XU14 presents an anomaly caused by a 
combination of recovery and storage factors.  XU14 was infiltrated by the water table and 
undried before storage; consequently the sediment sample was comprised of conglomerated sand 
particles including tiny foraminifera that would have otherwise settled in smaller sieve fractions. 
 
Summary of Size Distribution and Recovery Rates 
The clear difference in foraminifera recovery rates between the sieve fractions provides a basis 
for refining methods to suit archaeological contexts.  These findings confirm that to establish a 
basic comparative record of site formation through foraminiferal presence in coastal shell 
deposits in central Queensland, the researcher need only analyse the 250µm sieve fraction.  The 
methods that have been applied and adapted are applicable to foraminiferal assemblages of 
shallow in-shore fauna of the central Queensland coast. 
 
Taxa Analysis 
A minimum of 13 foraminifera species were identified from the Mort Creek Site Complex (Table 
4.5). Where possible, foraminifera were identified to species level, however, owing to limitations 
in identification arising from weathering (Figure 4.6), some specimens were classified to family 
level only (e.g. Elphidium sp.).  Ninety-nine percent of all individuals recorded were identified to 
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at least family level, with only 221 unidentified foraminifera. Taxa were represented in varying 
densities, with a dominance of a single family group, Elphidium sp. (Table 4.5, Figure 4.5). 
 
White Patch 
Ten taxa of foraminifera were identified in White Patch (Table 4.5).  The White Patch 
foraminiferal assemblage was dominated by the species Elphidium (n=22,609) representing 95% 
of all identified foraminifera, with Elphidium crispum representing 93% of this group. Ammonia 
beccarii was the third most dominant taxa, representing 4% of the foraminiferal assemblage. 
 
The Granites/Square C 
Although only low numbers of foraminifera were recovered from The Granites/Square C cultural 
deposits, the results are consistent with those retrieved from White Patch with the dominant taxa 
comprising A. beccarii and Elphidium sp. (Table 4.5). 
 
A7 
Five taxa of foraminifera were identified in A7.  The taxa identified, Elphidium crispum, E. 
depressulum, Ammonia beccarii, Pygro depressus and Cribrononion milletti, are characteristic of 
the sediment substrates of the contemporary Mort Creek and Rodds Harbour environment (see 
Table 4.6), conforming with shallow water environments with a range of habitable substrates. 
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Figure 4.5 Foraminifera species representation, Mort Creek Site Complex. 
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Table 4.5 Foraminiferal assemblage at the Mort Creek Site Complex (MNI). 
 White Patch The Granites Square C A7 
 Unit I Unit IIa Unit III Upper Unit 
Lower 
Unit XU4 XU6 XU19 XU3 XU5 XU7 XU10 XU12 XU14 Total 
Elphidium sp. 129 103 1263 - 1 - - - - - - 3 459 399 2357 
• Elphidium 
crispum 20 2038 18902 - 1 - - - - - 1 4 37 78 21081 
• Elphidium 
depressulum - - - - - - - - - - 2 - - - 2 
• Elphidium 
advenum - - 154 - - - - - - - - - - - 154 
Ammonia beccarii 17 245 802 3 3 1 1 - - - - - 184 115 1371 
Cribrononion 
milletti - - - - - - - - - - - 1
- - 
1 
Triloculina sp. - - 35 - - - - - - - - - - - 35 
• Triloculina 
terquemiana - 3 - - - - - - - - - - - - 3 
• Triloculina 
oblonga - - 1 - - - - - - - - - - - 1 
• Triloculina 
trigonula - - 2 - - - - - - - - - - - 2 
Anomalina 
nonionoides - - 23 - - - - - - - - - - - 23 
Lamellodiscorbis 
dimidiatus - - 2
- - - - - - - - - - - 
2 
Spirolina 
cylindracae - - 1
- - - - - - - - - - - 
1 
Trochomya 
inflata - - 1 - - - - - - - - - - - 1 
Pygro depressus - - - - - - - - - 2 - - - - 2 
Unidentified 73 36 99 - - - - - 2 - - - 4 7 221 
Total 239 2425 21285 3 5 1 1 0 2 2 3 8 684 599 25257 
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Figure 4.6 Foraminifera of the Mort Creek Site Complex.  A-B: Anomalina nonionoides; C: Lamellodiscorbis dimidiatus; D-
H: Elphidium sp.; I-K: Ammonia beccarii (umbilical surface); L: Ammonia beccarii (dorsal surface); M-N: Triloculina sp.; 
O-Q: Elphidium sp. (aperture surface); R-T: weathered foraminifera tests (Photographs: Daniel Rosendahl and Alison 
Crowther). 
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Table 4.6 Habitats of foraminifera identified at the Mort Creek Site Complex. *Infaunal: Living within the sediment substrate; Epifaunal: Living on 
or above the sediment surface (Murray 1991:14). 
Species Habitat Reference 
Elphidium crispum Elphidium sp. tolerate a wide range of sediment substrates, with species found in 
sand, silt, mud, clay and seagrass.  It is tolerant to a wide range of salinity levels 
(Sen Gupta 1999:151). Infaunal* to epifaunal* within intertidal zonation in mode 
of life 
Albani 1979:44; Murray 
1971:155; 1991:14, 79  
Elphidium depressulum Intertidal species, commonly associated with mud and sand substrates Albani 1979:45; Murray 
1971:167; 1991:237  
Elphidium advenum Found in mud and sand substrates and commonly associated with Ammonia 
beccarii, however, it is restricted by a salinity range 12-35% and is commonly an 
intertidal species 
Albani 1979:44; Murray 
1971:167; 1991:210, 237  
Elphidium macellum Commonly located in mud and sand substrates, reef flat or lagoon and is found in 
depths from 0-45m, E. macellum is a common island species situated within the 
intertidal zone 
Albani 1979:45; Murray 
1971:167; 1991:226, 237 
Elphidium jenseni Same habitats to that of A. beccarii only it is restrained to a lower salinity margin 
between 22% and 31% and commonly sustains in an intertidal habitat with 
mud/sand substrates  
Albani 1979:45; Murray 
1971:167; 1991:211, 237 
Ammonia beccarii Ammonia is found in a wide range of substrates including mud, silt, sand and 
fine sand substrates commonly located in the inter tidal zone. It tolerates a high 
range of salinity levels. Owing to its versatility and adaptability to 
environmental conditions and change, Ammonia like Elphidium sp. has a high 
representation throughout marginal marine environments.  Ammonia is  motile 
and infaunal* in mode of life 
Albani 1979:40; Militante-
Matias 1990:175; Murray 
1971:151; 1991:14, 79, 
210, 237; Sen Gupta 
1999:151 
Cribrononion milletti This species is commonly associated with shallow tropical to sub-tropical 
assemblages 
Albani 1979:46 
Triloculina terquemiana Intertidal marsh with a muddy/sand substrate with marine vegetation (i.e. 
seagrass) and a high range of salinity 
Albani 1979:21 
Triloculina oblonga Intertidal marsh muddy/sand substrate with marine vegetation (i.e. seagrass) and 
a high range of salinity. Triloculina sp. are infaunal and motile and mode of life 
and are associated with shallow water assemblages 
Albani 1979:21; Murray 
1991:184 
Triloculina trigonula Shallow water marginal marine environment  
Anomalina nonionoides Infaunal and motile in mode of life and is commonly associated with a shallow 
water assemblage from inter to subtidal ecosystems 
Albani 1979:44; Murray 
1991:184 
Lamellodiscorbis dimidiatus Shallow water estuarine habitats Albani 1979:40; Haig and 
Parker 2002:11 
Pygro depressus Shallow water, marginal marine environment  
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Summary of Taxa Analysis 
Thirteen taxa of foraminifera were recovered from the Mort Creek Site Complex.  All species are 
representative of shallow water marine environments with a range of habitable substrates (Table 
4.6).  The assemblage was dominated by Elphidium spp. representing 92% of the total 
assemblage (Figure 4.5).  This species is indicative of shallow water, marginal marine 
environments, with optimal conditions in tidal estuarine ecosystems (Murray 1991).  The 
foraminiferal assemblage conforms with the geology and ecosystems of the Mort Creek Site 
Complex, which is an active tidal, estuarine seagrass system, with dynamic substrates situated in 
a sub-tropical marginal marine zonation.  Militante-Matias (1990:169) states that marginal 
marine environments are characterised by low diversity.  The wider implications of these findings 
are discussed further in the next chapter. 
 
Summary 
The 25,257 foraminifera identified in this study were discussed in terms of densities, size 
distribution and recovery rates, and taxa analysis, emphasising data that can be applied for the 
further refinement of laboratory methods and interpretation of foraminiferal analysis in 
archaeological sediments.  The implications of these results for understanding site formation 
processes at the Mort Creek Site Complex are considered in the next chapter. 
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CHAPTER FIVE 
DISCUSSION 
Introduction 
In this chapter I consider the broader implications of the results of the foraminiferal analysis at 
the Mort Creek Site Complex.  In particular, I focus on site formation processes and terrestrial 
and marine post-depositional disturbance processes. The results demonstrate that foraminiferal 
analysis can provide new insights for assessing depositional and post-depositional site formation 
processes of coastal shell assemblages.  This chapter concludes with a consideration of directions 
for future research. 
 
Key Findings 
Major findings of the foraminiferal analysis of the Mort Creek Site Complex are: 
 
• Foraminiferal densities can successfully differentiate between natural and cultural marine 
shell deposits. 
• Foraminiferal analysis enabled a re-evaluation of the site formation processes at the Mort 
Creek Site Complex. 
• Methods were successfully refined from the earth sciences to suit archaeological 
sediments. 
• Palaeoenvironmental data was obtained through foraminifera taxa analysis, which 
demonstrated relative stability in local marine environments over the last 3,000 years. 
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Distinguishing Natural from Cultural Deposits 
Foraminiferal analysis was successful in differentiating natural and cultural deposits at the Mort 
Creek Site Complex.  Foraminiferal densities revealed marked differences between the cultural 
shell deposits of The Granites/Square C excavations and the natural shell deposits of White 
Patch.  The density parameters established that shell assemblages deposited through 
anthropogenic processes exhibit foraminiferal densities of <50/100g of sediment, while shell 
assemblages deposited by marine processes exhibit densities of >1000/100g of sediment. These 
results conform to Carter et al.’s (1999; see also Carter 1997) findings for these deposits based on 
the conventional criteria of shell intra-specific size analysis and species diversity. 
 
Results demonstrated that foraminifera are not exclusive to marine deposited sediments, however, 
pointing to the numerous natural and cultural processes that can introduce foraminifera into 
terrestrial deposits. Cultural activities that can introduce foraminifera into terrestrial sites include 
subsistence activities such as the consumption of marine invertebrates and vertebrates.  For 
instance, foraminifera have been identified in the stomach contents of shrimp and sea-birds 
(Albani 1979; Murray 1991).  Turtle, dugong and fish bone were recovered in the excavations at 
The Granites/Square C (Ulm 2004a:163-165) presenting a possible means for foraminifera to 
enter cultural deposits.  Several species of foraminifera, such as Elphidium crispum, Triloculina 
terquemiana and T. oblonga, anchor to seagrass (Table 4.6) and are thus likely to be consumed 
by seagrass grazers and subsequently occur in the stomach contents of dugong and turtle.  Natural 
processes can also introduce foraminifera into terrestrial deposits, including all marine activities 
that have the ability to deposit sediments above the level of the mean high tide level, such as 
coastal progradation (Beaton 1985), storm surges and king tides (Bird 1992; Hughes and Sullivan 
1974; Przywolnik 2002; Woodroffe and Grime 1999).  Foraminifera can also be transported long 
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distances through aeolian activity and by bird scats (Murray 1991:46).  These findings have 
implications for management of coastal archaeological sites with ambiguous deposits, as this 
research has refined methods to evaluate the formation processes and integrity of cultural 
deposits. 
 
Re-Evaluating Site Formation Processes at the Mort Creek Site Complex  
Several previous studies have attempted to explain the complex site formation processes evident 
at the Mort Creek Site Complex.  The foraminiferal analysis supported previous findings for The 
Granites/Square C and White Patch, but significantly challenges previous interpretations of A7 
(Carter 1997; Carter et al. 1999; Lilley et al. 1999).  Results concur with Carter et al.’s (1999) 
and Ulm’s (2004a) findings that White Patch is an unequivocal natural marine deposit and that 
The Granites/Square C excavations are unequivocally cultural deposits.  Previous research on A7, 
however, indicated high levels of sediment mixing, with mixed layers present in XUs 4-7 and 
XU12 with one in situ cultural deposit in XU3, and two in situ chenier deposits in XUs 8-11 and 
13-14 (Carter et al. 1999).  The ambiguous sediments of A7 were successfully evaluated using 
foraminiferal density parameters established from the unequivocally natural and cultural deposits.  
Two horizons are illustrated; an upper unit (XUs 3, 5, 7) representing no marine depositional 
processes and a basal unit (XUs 12, 14) which is unequivocally marine deposited.  XU10, 
however, exhibited foraminiferal densities outside the established parameters, with marginally 
higher foraminiferal densities than the units above, and vastly lower than the definitive natural 
units below.  When evaluated using foraminiferal analysis and Carter et al.’s (1999) findings, 
XU10 is concluded to be a mixed deposit, formed by the mixing of marine deposited sediments 
and terrestrially deposited sediments.  This finding reveals that foraminiferal analysis can assess 
sediments that have undergone relatively minor post-depositional disturbance, such as 
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bioturbation from ants or beetles.  I argue that XU10 is most likely to represent the mixing of 
natural and cultural layers through terrestrial post-depositional disturbances.  Although sediments 
from XU9 were not included in this analysis, the apparent inversion of dates between XU6 (2712 
cal BP) and XU9 (2353 cal BP) (Ulm 2004a:157), and the similarity in size and species diversity 
of the shell assemblage with XU10 (Carter 1997), suggests that XU9 may be a similarly mixed 
deposit. 
 
Results from White Patch showed a significant increase in foraminiferal densities with depth in 
the deposit, suggesting post-depositional alteration of the deposit. When evaluated in conjunction 
with previous studies, White Patch is unequivocally a homogeneous natural deposit with little 
stratigraphic variation, as shown by field observations (Lilley et al. 1999; Ulm 2004a), 
conventional laboratory methods (Carter 1997; Carter et al. 1999) and radiocarbon dates (Ulm 
2004a).  In particular, the overlapping radiocarbon dates bracketing sediments between 13cm and 
45cm provide strong support for a single depositional event.  In the absence of stratigraphic 
evidence for any major post-depositional disturbance of the deposit, I speculate that the vast 
increase in foraminiferal density is attributable to the downward movement of foraminifera 
through the porous sandy shell matrix of White Patch.  This process is also thought to occur with 
minute grains of charcoal (Ulm 2004a:90). 
 
Foraminiferal analysis was successful in identifying depositional and post-depositional processes 
at the Mort Creek Site Complex, confirming the cultural origins of The Granites/Square C and 
the natural origins of White Patch.  Results overturned previous findings from A7, revealing a 
layer of disturbed sediments between the natural and cultural layers as opposed to a model 
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presenting few in situ layers and predominantly mixed through various forms of post-depositional 
disturbance (Carter et al. 1999). 
 
Contribution to Methods 
Foraminiferal analysis was successfully applied to the study of site formation processes and the 
assessment of integrity of coastal sediments.  The application of procedures to the Mort Creek 
Site Complex case study enabled methods to be further refined to suit the shallow marginal 
marine estuarine environments of the central Queensland coast. Results demonstrate the small 
average size of foraminifera taxa common in this region with over 90% of all foraminifera 
retained in the 250µm sieve fraction.  In light of this finding, future foraminiferal analysis 
undertaken on archaeological sediments on the central Queensland coast will only require an 
analytical focus on the 250µm sieve fraction.  Given the environmental specificity of 
foraminifera taxa suites, however, similar recommendations for other regions will need to be 
based on local studies.  Weisler (1999), for example, noted that the average size of foraminifera 
to be 0.5-5mm in diameter for the Marshall Islands, whereas at the Mort Creek Site Complex the 
average diameter was much less than 1mm. 
 
When assessed in light of the initial foraminiferal analysis of the Mort Creek Site Complex 
conducted by Lilley et al. (1999), the sampling methods have been refined in terms of the sample 
size and the number of samples analysed.  Using 10g sediment samples Lilley et al. (1999) failed 
to recover any foraminifera from the initial The Granites excavation.  By increasing the sample 
size five-fold to 50g, this analysis recovered eight foraminifera, emphasising the necessity for 
larger sediment samples for greater representation and refined site interpretation.  In relation to 
number of samples used, Lilley et al. (1999) only examined one excavation unit from each 
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excavation.  Although the results from the initial foraminiferal analysis were supported by the 
current study with an absence of foraminifera in A7 XU3, a further five excavation units were 
also analysed that revealed a complex site formation history representing both natural and 
cultural sediments as opposed to an homogeneous cultural deposit as concluded by Lilley et al. 
(1999).  By increasing the sample size and number of samples used, this analysis was able to 
present a more sophisticated interpretation of site formation processes in effect at the Mort Creek 
Site Complex. 
 
Taxa Analysis 
Palaeoenvironmental information for the Mort Creek Site Complex was obtained from a taxa 
analysis of the foraminiferal assemblage.  The taxa distribution was consistent throughout the 
deposits indicating minimal environmental change during the period of site formation between 
c.3500-2000 BP.  The foraminiferal assemblage indicates a marginal marine environment with a 
dominance of eurytopic (environmentally diverse) species that are representative of a wide range 
of marginal marine environments, with a lower representation of stenotopic (environmental 
specific) species that are exclusive to specific substrates found in Rodds Harbour and Mort Creek 
ecosystems (e.g. seagrass, sand, mud, silt and mangrove environments).  The representation of 
these species suggests that the vicinity of the Mort Creek Site Complex has maintained a static 
environment throughout the period of site deposition. 
 
Directions for Future Research 
Foraminiferal analysis should be employed using the techniques described in this paper at a broad 
range of sites to further test the efficacy of the methods, and to further refine them to suit a range 
of environmental settings.  A wide range of palaeoenvironmental data can be obtained from 
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analyses that are in wide use in the earth sciences.  For instance, stable oxygen isotope analysis of 
foraminifera test composition can be used to reconstruct spatial and temporal variability in sea 
water temperatures, salinity and depth of the environment that the foraminifera inhabits (e.g 
Scourse et al. 2004; Smith et al. 2005).  Accelerator mass spectrometry (AMS) is also widely 
applied by Quaternary scientists to directly date foraminifera from deep-sea cores (e.g. Gagan et 
al. 2004:129), a method that can be used to test and refine radiocarbon dating sequences of 
coastal deposits to further evaluate site integrity.  There is no evidence to suggest that these 
techniques cannot be applied to foraminifera that have been retrieved from terrestrial 
archaeological deposits. 
 
Summary 
Australian studies have noted a need for the development and refinement of criteria to assess the 
origins and integrity of marine shell deposits.  This study develops previous limited application 
of foraminiferal analysis to provide a robust criterion to evaluate site origins and integrity.  
Findings have broad implications for improving our understanding of coastal site formation 
processes in Australia. 
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APPENDIX A: Mort Creek Site Complex: Sediments Available for Analysis 
Table A.1 Mort Creek Site Complex: Sediments available for analysis. 
XU A7 Square C Stratigraphic Unit White Patch Unit The Granites 
1 511.5 N/A Unit I 432.7 Upper Unit 225
2 699.7 401.4 Unit II 163.6 Lower Unit 430.5
3 652.2 360 Unit IIa 86.8
4 621.7 336.3 Unit III 311
5 399.2 298.1
6 686.3 381.4
7 300.7 384.2
8 566.7 253.6
9 584.5 240.6
10 560.9 50.7
11 666.2 245.4
12 435.5 347.8
13 550.1 409.5
14 622.1 349.6
15 354.5
16 365.3
17 396.7
18 514.8
19 
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APPENDIX B: Foraminiferal Morphology 
 
 
Figure B.1 Principal types of aperture. 1: open end of tube; 2: terminal radiate; 3: terminal slit; 4: terminal 
with entosolenian tube; 5: umbilical; 6: loop-shaped; 7: interiomarginal; 8: interiomarginal multiple; 9: Areal, 
cribrate; 10: with phialine lip; 11: with simple apertural lip; 12: with simple tooth; 13: with bifid tooth; 14: 
with umbilical teeth; 15: with umbilical bulla (Sen Gupta 1999:25). 
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Figure B.2 Principal types of chamber arrangements. 1: single-chambered; 2: uniserial; 3: biserial; 4: triserial; 
5: triserial to biserial to uniserial; 6: planispiral to biserial; 7: milioline; 8: planispiral evolute; 9: planispiral 
involute; 10: streptospiral; 11-13: trochospiral (11: dorsal view; 12: edge view; 13: ventral view) (Sen Gupta 
1999:24). 
 
